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Description 

Field of the invention 

5 The present invention is related to isolated, purified DNA sequences which can act as promoters in eukaryotic cells. 

More specifically, the present invention is related to such DNA sequences from tobacco which act as microspore-spe- 
crf ic promoters and play a role in the expression of genes in microspores. This invention is also directed to chimeric 
genes suitable for transforming a plant comprising a structural gene under the control of the microspore-specific pro- 
moter. Further, this invention relates to plant cells and plants transformed with said chimeric gene. 

w 

Background of the invention 

In angiosperm plants, sexual reproduction requires the production of viable male and female gametophytes. Pollen, 
as the male gametophyte, is formed within the anther and is initiated from sporogenous cells, which develop into meio- 

15 cytes. The meiocyte undergoes meiosis to form a tetrad of haploid microspores which are subsequently released into 
the anther locule. Following expansion and vacuolation an asymmetrical mitosis of the microspore results in bicellular 
pollen, containing a vegative and generative cell. In the majority of plant species, including tobacco, pollen is shed in a 
bicellular condition. In other plant species (e.g. cereals and Brassica sp.), pollen maturation includes the mitotic division 
of the generative cell such that pollen is shed in a tricellular condition. 

20 The morphological aspects of pollen development have been studied in great detail but knowledge about the under- 
lying molecular processes is relatively limited. Pollen formation requires coordinated gene expression in the gameto- 
phytic cells and the sporophytic tissues surrounding it. Two periods of temporal gene expression are defined in pollen 
development by Mascarenhas [20]. The early developmental stage starts after meiosis and ends with the microspore 
mitosis, the late stage covers the period after mitosis up to mature pollen [14]. During pollen development the mRNA 

25 content present in different stages changes qualitatively [28]. Genes which are transiently and specifically transcribed 
during pollen development are assumed to play a crucial role in the developmental processes. Summarizing, genes 
involved in pollen development can be classified, according to expression pattern as early [8, 29, 35], and late genes 
[3, 6, 21, 32, 39, 40]. Additionally, genes transcribed in both stages have been isolated [1, 25 ,33]. 

This classification does not use the place of expression in consideration. If this localisation is taken as an extra cri- 

30 terion, the previous classification can be refined , which leads to four categories of pollen developmental genes. First, 
a category of genes with exclusive expression in the unicellular microspore; second, a group with localised expression 
in the diploid anther tissues during development; third, a group with localised expression in pollen; and fourth, a group 
with expression in unicellar microspores, pollen and diploid anther tissues. Genes of the first category have not been 
identified yet. 

35 Previous studies of early genes restricted to microsporogenesis resulted in a group of genes of which expression 
[8, 29, 35] is localised in the tapetum or other anther tissues. A few genes have been characterised which are expressed 
in both developing pollen and in tapetum [25, 30, 33]. 

It is an object of the present invention to isolate and characterize a DNA sequence which is capable of acting as a 
microspore-specific promoter. More particularly, it is an object of the invention to isolate and characterize a microspore- 

40 specific promoter region taken from a microspore-specific gene. 

Summary of the invention 

The present invention relates to an isolated, purified DNA sequence from the promoter region of a microspore-spe- 
45 crfic gene of Nicotiana tabacum, upstream of a sequence encoding a protein comprising the amino acid sequence set 
forth in Fig. 2 or a protein substantially homologous therewith. 

The present invention further relates to an isolated purified DNA sequence from the promoter region of a micro- 
spore-specific gene of tobacco, the sequence consisting essentially of nucleotides -952 to + 43 set forth in Fig. 2 or a 
functional fragment thereof having promoter activity. 
so Further this invention provides chimeric genes suitable for transforming a plant, comprising a DNA sequence as 
defined above and a naturally occurring or synthetic gene which is under the control of said DNA sequence. 

The promoter of this invention is shown to be exclusively active in the male reproductive cell of a higher plant during 
early pollen development. Transcripts were observed only in the unicellular microspore. There is no expression in the 
sporophytic tissues that represent the majority of cells in the anther, nor in any other tissue of the plant. Expression is 
55 also developmently restricted to the unicellular microspore: the promoter is inactive during the preceding tetrad stage 
and the activity disappears at microspore mitosis. 

Some authors reported microspore-specific genes like Bp4 [1 and PCT application WO 90/08828] and Bp19 [2] in 
Brassica napus. But the term microspore was also used for the bicellular pollen. In contrast our definition for microspore 
is for the unicellular stage of pollen development. 
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In the present Examples the BamHI-Ncol fragment consisting of nucleotides -952 to +43 set forth in Fig. 2 was 
used as promoter. The functionality of the promoter was established in a transgenic context. For this purpose the pro- 
moter was placed before the gus-reporter gene. Further it was established that the promoter is not at all active in tis- 
sues other than microspores. For this purpose the promoter was placed before the barnase gene. The ATG of the Ncol 

5 site was used as translational start. The promoter-gus and promoter-barnase cassettes were transferred in a binary 
plasmid and introduced in tobacco by Agrobacterium tumefaciens transformation. 

As a comparison similar constructs were made with Bp4 promoter described in [1] and in WO 90/08828. The Bp4 
promoter was cloned from Brassica napus using PCR amplification. Said promoter contained nucleotides 7 to 265 of 
Fig. 3a in WO 90/08828 and flanking HinDIII and Xbal restriction sites. Said promoter is the Bp4A promoter. Fig. 7c of 

10 WO 90/08828 discloses a 490 bp chimeric promoter of Bp4C and Bp4A. Since the Bp4A and Bp4C promoters are sub- 
stantially identical, the promoter disclosed in WO 90/08828 will be functionally identical with the Bp4 promoter used in 
the present Examples. 

The results of the comparison tests show that the present promoter is a strong and evidently microspore-specific 
promoter. The Bp4 promoter, however, is a second phase promoter which is only active after the first pollen mitosis. Fur- 

15 ther, the Bp4 promoter is a weak promoter as compared with the present promoter. 

The present promoter importantly offers the opportunity to manipulate unicellular microspore-specific expression 
of genes introduced in the plant by genetic engineering. These sequences can be used to limit the expression of any 
given DN A-sequence to microspores and to microsporogenesis up to microspore mitosis. The microspore-specific pro- 
moter can be used to limit the expression of DNA sequences adjacent to it, to microspores in the Solanacae family and 

20 it is fully believed that these DNA sequences or functional fragments thereof will function as microspore-specific pro- 
moters in numerous other if not all microspore-bearing plant species that are capable of being genetically transformed. 

These microspore-specific promoters can be used in conjunction with naturally occurring or synthetic flanking 
sequences critical to microspore development 

It should be noted that the identification of a promoter region is usually defined by function rather than a set DNA 

25 sequence. The expression "a functional fragment thereof having promoter activity" as used herein means generally a 
fragment of the defined promoter region sequence consisting of sufficient nucleotides upstream from the 3' end of the 
promoter region to have promoter activity. As little as 80 to 200 bases may be sufficient DNA sequence to maintain the 
tissue-specificity and promoter function. It should also be recognized that some upstream DNA sequences can be 
arranged in opposite orientations and still retain or demonstrate enhanced promoter function. In addition, "enhancer- 

30 like" DNA sequences, which are usually small conserved DNA sequences ranging in size from less than 10 nucleotides 
to considerably larger numbers of nucleotides can also be inserted into promoter regions to enhance expression. 

The chimeric gene of the invention can comprise any gene or gene fragment, whose expression product (RNA 
and/or protein or polypeptide) causes changes in metabolism, functioning and/or development of microspores. Such a 
gene may preferably be a male-sterility gene. Since the promoter is microspore-specific, other plant functions or tissues 

35 are not affected as is shown in the Examples. Preferred male-sterility DNAs are described in EP-A-89401 194.9, for 
example those DNAs encoding: RNases such as RNase T1 or barnase; DNases such as endonucleases (e.g., EcoRI); 
proteases such as papain; enzymes which catalyze the synthesis of phytohormones (e.g., isopentenyl transferase or 
the gene products of gene 1 and gene 2 of the T-DNA of Agrobacterium : glucanases; lipases; lipid peroxidases; plant 
cell wall inhibitors; or toxins (e.g., the A-fragment of diphteria toxin or botulin). Other preferred examples of male-sterility 

40 DNAs are antisense DNAs encoding RNAs complementary to genes, the products of which are essential for the normal 
development of fertile pollen. Further preferred examples of male-sterility DNAs encode ribozymes capable of cleaving 
specifically given target sequences of genes encoding products which are essential for the production of fertile pollen. 
Still other examples of male-sterility DNAs encode products which can render stamen cells, particularly microspores - 
and not other parts of the plant - susceptible to specific diseases (e.g. fungi or virus infection) or stress conditions (e.g. 

45 herbicides). 

The present invention also relates to a plant cell or plant celt cultures transformed with the chimeric gene compris- 
ing the gene the wild-type promoter of which is replaced by the promoter DNA sequence of the invention. Further, the 
invention relates to a plant or its seeds consisting essentially of said plant cells. 

so Brief description of the figures. 

Fig. 1. Northern blot analysis of the expression of gene NTM19. 

Twenty-five \ig total RNA from pollen at different developmental stages and different plant tissues was hybridised 
with a 32 P-labelled NTM19 cDNA probe. Abbreviations: Mic=microspores. EBi=early binucleate pollen, MBi= mid 
55 binucleate pollen, LBUIate binucleate pollen, Pi=pistil, FB=flower buds without anthers, Se^seedling, Ldeaf, 
R=root tips, St=stem. The size of the mRNA was determined with the ribosomal bands as markers. 

Fig. 2. Nucleotide and deduced amino acid sequence of the NTM19 gene. The TATA box and polyadenylation site 
are underlined, the transcription start is marked with an arrowhead. The change in amino acid in the cDNA clone 
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from cv. Petit Havana relative to the genomic clone from cv. Samsun is bracketed. A possible cleavage site for the 
signal sequence is indicated by a double arrow. Three repeats in the amino acid with a length of 9, 5 and 4 residues 
are shown by resp. dashed lines, asterisks and continuous lines. A possible phosphorylated serine is double under- 
lined. 

Fig, 3. Identification of the transcription start of the NTM19 gene. 

Primer extension analysis (PE) and plasmid sequencing (ACGT) were performed using the same NTM19-specific 
synthetic oligo-nucleotide with sequence 5'-TGCAAAACATAAATTGAGAAGTAGGAAAAT-3' (complementary to the 
nucleotides between positions (+)66 and (+)103 and 32 P labelled). The nucleotide sequence at the 5'end is 
reported. The arrow indicates the position of the primer extension product. 

Fig. 4. Localisation of NTM19 mRNA during anther development in longitudinal sections of anthers by in situ 
hybridisation. 

a-g: combinations of fluorescence and reflection CLSM images of anther sections during the microspore stage and 
preceeding and successive pollen developmental stages, determined as described in Materials and Methods. 
Abbreviations: n= nucleus, vn= vegetative nucleus, gn= generative nucleus. Expression of NTM19 analysed in 
anther sections with the antisense NTM 19 probe: (a) pollen mother cells undergoing meiosis. (b) tetrads, (c) and 
(h) microspores; m=microspore with green spots which represent regions of RNA/RNA hybridisation, t=tapetum. 
(d) early bicellular pollen, (e) mid-bicellular pollen, (f) late bicellular pollen, (g) control section with microspore with 
the sense NTM 19 of microspore. Bar= 10 \im. In the bicellular pollen 2 nuclei are visible by a more intensive red 
staining, the mature pollen shows a characteristic discus shaped generative nucleus. 

Fig. 5. Temporal pattern of GUS activity in microspores or pollen from transgenic tobacco plants transformed with 
NTM 19 promoter -GUS (triangles) or Bp4 promoter-GUS (squares) fusions. GUS activity is expressed as pmol 4- 
MU generated/hour/microspore or pollen. Microspore and pollen developmental stages are correlated to the bud- 
length. 

Detailed description of the invention 
Materials and Methods 

Plant material 

Plants of Nicotiana tabacum L cv. Petit Havana' SR1 [19], were grown in soil under greenhouse conditions. Flower 
buds of selected length were collected to obtain pollen of different developmental stages. The determination of devel- 
opmental stage and isolation of the anther content was carried out as previously described [28]. 

Nucleic acid isolation 

RNA was isolated with guanidine thiocyanate as RNase inhibitor by the procedure of Cathala [4] with minor modi- 
fications. All plant tissues including the microspores were frozen in liquid nitrogen and ground in a prechilled mortar. 
The ground material was placed in 2 ml lysis buffer and, after centrifugation at 3000 g for 10 min at 15°C, the superna- 
tant was collected. The duration of all centrifugation steps in the procedure was modified from the original procedure to 
20 min. 

The mRNA to be used for the synthesis of the cDNA library was bound on the surface of oligo(dT) Dynabeads 
(Oynal) as described by the manufacturer [10]. The mRNA used to synthesize a single-stranded cDNA probe was iso- 
lated as reported [26]. Plasmid DNA was isolated according to standard procedures [26], genomic DNA as reported [5] 
and phage DNA was obtained with LambdaSorb Phage Adsorbent according to the manufacturer's protocol (Promega). 

cDNA library construction and screening 

A cDNA library in X ZAP II [31] was made from mRNA isolated from microspores. The cloning kit and the Gold 
Packaging Extract of Stratagene were used according to the manufacturer's protocols. The cDNA library was amplified 
once prior to screening. 

Differential screening was carried out with 32 P-labelled single-stranded cDNA probes derived from either mRNA 
from microspores or young leaves. The screening procedure of Stratagene was followed at a hybridisation and washing 
temperature of 55°C. The filters were washed in steps of 30 min in SSC with 0.1% (w/v) SDS (1 x SSC = 150 mM NaCI, 
15 mM Na citrate, pH 7). The SSC concentration was lowered in steps; 6 x SSC. twice in 2 x SSC followed by 0.5 x 
SSC and 0.2 x SSC. A primary library screening of 2 x 10 4 cDNA clones was done. 
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The single-stranded cDNA probes were made as described [26] with the following changes: 2 tig mRNA oligofdT) 
75 gCi [a- PJdATP (3000 Ci mmo!" 1 ) and 400 units -Superscript- reverse transcriptase from BRL were used to prime 
and rad.olabel the probe. Selected plaques were isolated and excised in vivo from the X. ZAP II phagemid to form a 
pBluescript SK-plasmid according to the procedure of Stratagene. 

Genomic library screening 

n J^ e 9 enomic librarv of Nicotians tabacum cv. Samsun in bacteriophage X Charon 32 [12] was a generous gift of 
Dr. R.B. Goldberg [15], E.coli K802 cells were used as hosts. A cDNA of 240 bp comprising part of the 3'end region was 
used to synthesize a random-primed probe labelled with [a- 32 P]dATP as described previously [7]. The screening and 
hybridisation were carried out using standard techniques [26]. Hybridisation and washings were done at 65°C with 
stringent washing up to 0. 1 x SSC. 0.1% SDS. A positive clone of 1 1 kbp was digested with Kpn\ and Xho\ A digested 
fragment of 3 kbp containing the sequence of interest was subcloned into the plasmid pGEM 7Zf+ (Promega) usina 
standard methods [26]. a 

Northern and Southern analysis 

Samples of 25 ng of total RNA were denatured, electrophoresed on a 1% (w/v) agarose formaldehyde gel and cao- 
.Hary-blotted on Hybond-N membrane (Amersham) as reported [26]. The rRNA bands were used as size markers The 
was bound to the membrane by baking for 2 hours at 80°C. The same probe was used as for the screening of the 
genom.c library. Hybridisation was carried out overnight at 65»C in 6 x SSC, 5 x Denhardts reagent 0 5% SDS and 100 
fig/ml denatured herring sperm DNA. Washing was done at the same temperature during 30 min in 6 x SSC 0 1 % SDS 
followed by 2 x SSC, 0. 1 % SDS. An actin probe was hybridised to the stripped northern blot as a control 

Southern analysis of 10 ng genomic DNA was done after restriction digestion and electrophoresis on a 0 8% aga- 
rose gel using standard methods [26] except the depurination, which was carried out by UV-irradiation Southern blots 
were hybridised overnight at 60°C, and washed to a stringency of 0.4 x SSC at 60°C. The probe used in Southern anal- 
ysis was made of a fragment of 250 bp including partial 5'noncoding and 5'coding regions. Filters were exposed to 
Kodak X-OMAT AR film with intensifying screens at -80°C. 

30 Sequence analysis 

DNA sequencing was performed by the dideoxy chain termination method [27] with the use of T7 polymerase 
(Pharmacia). The genomic clone was subcloned in pGEM 7Zf+ (Promega). Sequencing was performed with part sin- 
gle-stranded and double-stranded template DNA [41]. Sequence data were analysed with the PC/Gene programme 
35 from Intelligenetics Inc. Geneva (Switzerland). 

In situ hybridisation 
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Anthers were collected for in situ hybridisation from tobacco flower buds of varying lengths (6.8.12,20,30 and 48 
mm) covering a broad range of pollen developmental stages, from pollen mother cells to mature pollen By use of a light 
microscope, the selected pollen developmental stages are distinguished clearly by their morphological characteristicts 
visible after a DAPI-staining [28]. 

The procedure as described by Reijnen et al. [24] was used with the following modifications. Prior to fixation the 
top of the anther was cut to optimise penetration of the fixative. Fixation was done for 12 hours and initiad with degas- 
sing for 15 mm. Washing after hybridisation was started with 2 x SSC for 15 min at room temperature and coverslips 
removed. Subsequently, an RNase A treatment (20 ng ml" 1 in 0 5 M NaCI, 10 mM Tris-HCI (pH 7 5) 1 mM Na,ED-TA) 

™°![, 1 ,ed ° Ut fof 45 m ' n 3t 37 ' Q 1116 slides were washed *" ice in 2 * ssc - 1 mM DTT (dithiotr'eitol) for 30 min at 
37°C. followed by 0.2 x SSC. 1 mM DTT for 1 hour at 45°C. 

The NTM1 9 RNA probes were synthesised by in vitro transcription in sense and antisense orientation from a cDNA 
subclone in pBluescript. that contained a 200 nt part of the coding region. The sense probe was used as a negative 
controLThe protocol of Promega was followed with the use of [5,6- 3 H] UTP and for each slide 2 x 10 5 c.p.m were used 
in hybridisation. After processing of the slides, anthers were stained in 1 M g ml 1 ethidium bromide for 5 min and washed 
in distiMed water for 20 sec. A confocal laser scanning microscope (BioRad MRC-500) was used to analyse the sec- 
tions. Pictures were made combining those made from a fluorescent image resulting from ethidium bromide staining 
with a reflection .mage that visualised silver grains which are formed if the probe used hybridises to the section. 

Determination of the transcription initiation point 

To determine the transcription start site, the primer extension technique was used as previously described [34]. A 
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30-mer primer was chosen 30 nt downstream of the translation start point, with the help of a primer programme (Bio- 
sciences Inc. Plymouth, USA) and the PC Gene programme ( Intelligenetics Inc., Geneva, Switzerland). The latter pro- 
gramme was used to localise secondary structures in the RNA. The longest possible secondary structure was 
prevented from forming by blocking this region using hybridisation of the 30-mer primer. 

5 

Examples 
Example 1 

10 Isolation of cDNA and genomic clone; characteristics of the transcript 

Microspores of tobacco at an early stage were isolated as described in Materials and Methods. Poly A + RNA was 
prepared from these cells and used to synthesise a cDNA library. The primary library contained 1 .6 x 10 6 recombinants 
and was amplified once. Differential screening was done with cDNAfrom leaves as a negative probe. From the selected 
75 microspore-positive and leaf-negative clones, 1 0 clones were tested for tissue- and pollen developmental stage-specific 
expression by Northern analysis. This analysis resulted in 2 microspore-specific cDNA clones; one of these clones 
called "NTM19" {Nicotiana tabacum microspore-specific) was characterized. 

Fig. 1 shows the results of a northern blot containing total RNA prepared from isolated microspores and pollen at 
different stages of development hybridised with NTM19. Other plant tissues, namely: pistil, flower bud of which anthers 
20 were removed, seedling, leaf, root tips and stem were also included in this analysis. No hybridisation signal was 
observed in the lanes with RNA from the bicellular pollen stages or any other plant tissue. The position of the signal 
corresponded to a transcript length of about 650 nt. The NTM19 cDNAclone has a length of about 500 bp, and is there- 
fore not a full length clone. 

To complete the sequencing of the transcript a corresponding genomic clone was isolated. The available and pre- 
25 sumed 3'non-coding region of cDNA clone NTM19 was used as a probe to screen a genomic tobacco library in k Cha- 
ron 32. In the non-coding parts of the transcript the restraint on evolutionary divergence is low and therefore this 
sequence accurately identifies the corresponding gene. The use of a non-coding region as a probe diminishes the 
chance of isolating a related gene from a gene family. The genomic clone corresponding to the NTM19 cDNA clone was 
successfully isolated using this procedure. 
30 v After the isolation of hybridising genomic clones, the entire cDNA was used to probe restriction fragments of the 
selected clones. A subclone was made that covered the region of a genomic clone hybridising to the cDNA clone. 
Another subclone overlapping the former one and protruding in the 5' direction was also constructed. 

Example 2 

35 

Sequence characterisation and start of transcription of the NTM gene 

To identify the NTM 19 gene; a sequence analysis of the two genomic subclones and the cDNA clone was per- 
formed (Fig. 2). The longest open reading frame covering the cDNA region was selected. From the cDNA region and 

40 from the corresponding genomic clone an open reading frame was deduced ranging from position +40 to +316 bp. rel- 
ative to the transcription start, encoding a protein of 92 amino acids. The translation initiation region, 6 nucleotides 
immediately upstream and 3 nucleotides downstream of the ATG start codon, conforms well to the consensus in other 
plant genes [16] and thus supported the choice of reading frame. The putative polyadenylation signal [12] is underlined 
in Fig. 2 and is at a distance of 20 nucleotides followed by a poly(A)tail of 18 nucleotides in the cDNA clone. 

45 The transcription start was determined by primer extension analysis (Fig. 3). The first transcribed nucleotide is an 

adenine (A) at a distance of 39 nt from the start codon, marked in Fig. 2 by an arrowhead and denoted as position +1 . 
This is in accordance with the fact that in plant genes, adenine is the most common nucleotide at the transcription start 
site [13]. The putative TATA box is 35 nt upstream from the transcription start and underlined in Fig. 2. The distances 
between TATA box, transcription start and first AUG codon fit well within the range determined for a large number of 

so plant genes [13]. 

The coding region of the genomic clone is almost identical to that present in the cDNA. Two nucleotide differences 
are noted at nucleotide positions +74 and +132, and no intervening sequences were seen. The transcribed region of 
the genomic done has a length of 658 bp, including the 18 nt poly(A) tail that starts at sequence position +641 . This is 
in good agreement to the estimated transcript length of 650 nt determined from the Northern blot. Therefore it is inferred 
55 that no introns are present in the NTM19 gene. 

Database searches did not reveal any significant homology to nucleotide sequences (Genbank, EMBL) or polypep- 
tide sequences (SwissProt, PIR). Therefore the NTM 19 gene represents a novel sequence. 
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Example 3 

Characteristics of the NTM19 protein 

5 The properties of the NTM19 protein were deduced from computer analysis. In Fig. 2 the deduced amino acid 

sequence of the NTM19 gene is given. 

The two differences in nucleotide sequence between the genomic and cDNA clone result in a change of one amino 
acid. One C in the genomic clone is replaced by a T in the cDNA clone, resulting in a change from alanine in the 
genomic sequence (bracketed at amino acid 74) to valine in the cDNA sequence. Because both amino acids have a 
io similar chemical character, this substitution would not greatly change the properties of the protein. The second differ- 
ence is at nucleotide position 132, a G in the genomic clone is replaced by a T in the cDNA clone without affecting the 
encoded serine residue (amino acid position 31). The sequence differences between genomic and cDNA clone were 
repeatedly found in independent sequencing experiments. The cDNA library was made from the cultivar Petit Havanna 
and the genomic clone from the cultivar Samsun. This may be the explanation for the sequence differences. The tune- 
rs tion of the NTM 1 9 protein is unknown. 

Example 4 

Spatial and temporal expression patterns of NTM 19 in anthers 

The precise temporal and spatial expression patterns of NTM 19 were revealed by in situ hybridisation. This tech- 
nique allows the accurate discrimination between sporophytic and gametophytic localisation of expression. Fig. 4 
shows the localisation of NTM 19 mRNA in longitudinal sections of tobacco anthers at different developmental stages. 
The antisense NTM 1 9 RNA probe hybridised specifically with the microspore RNA and not with tapetum RN A. A hybrid- 
isation signal was not found in anthers with pollen mother cells undergoing meiosis, nor in tetrads , nor in bicellular pol- 
len. The NTM 19 sense RNA probe used as a negative control in all experiments gave no hybridisation signal. 

Example 5 

30 ^Construction of pNTM19-GUS\ 

The genomic clone of NTM 19 was digested with BamHI and Hindi, and subcloned into BamHI and Hindi cut 
pGEM-3Zf(+) (Promega Corporation). The resulting plasmid was digested with Kpnl and Ncol to release the NTM 19 
promoter. This fragment was used to replace the Kpnl/Ncol LAT52 promoter fragment from plasmid pLAT52-7 [36] to 

35 give plasmid pM04. pM04 was digested with Kpnl and Sad to release the NTM19-GUS fusion, which was used for 
ligation into Kpnl/Sacl cut pEMBL19(-)(Boehringer Mannheim). The resulting plasmid pEMBL-NTM19GUS was 
digested with Hindlll and Sad to release the NTM19-GUS fusion. This fragment was used to replace the Hindi Il/Sacl 
35S-CaMV promoter-GUS fragment of the binary plasmid pBI121 [11] to give the binary plasmid pNTM19-GUS. 
pNTM1 9-GUS was transferred from Escherichia coli to the agropine Agrobacterium tumefaciens strain Agio [1 7] for use 

40 in plant transformation experiments. 

Example 6 

Construction of pBp4-GUS: 



25 



45 



Two oligo nucleotide primers were designed to fit the 5*-untranslated region of the Bp4A gene, spanning nucle- 
otides 4-265 [1], and containing overhanging Sail and Hindlll restriction sites at the 5*-end, and Xbal and BamHI restric- 
tion sites at the 3'-end. The sequences of these primers are as follows. Primer 1 : 5'-GTC GAC AAG CTT CTA AAA ATA 
GCA ATA ACT-3*. and primer 2: 5'-GGA TCC TCT AGA AAG AGA TGA AGT ATT CTA-3\ After PGR amplification of the 
so Bp4A promoter fragment from genomic DNA isolated from Brassica napus cv Topas\ the resulting 282 bp DNA frag- 
ment was digested with Hindlll and Xbal, and cloned into Hindlll/Xbal cut pEMBL19(-) (Boehringer Mannheim). The 
resulting plasmid, pEMBL-Bp4, was used as Bp4 promoter source for all further experiments. The sequence of the iso- 
lated promoter was determined and compared to the published sequence derived from cv 'Westar' [1]. Two differences 
were detected: 1) a cytosine residue at position 203 was replaced by a guanine, and 2) a guanine at position 122 was 
replaced by cytosine [1]. The Bp4 promoter was exsised from pEMBL-Bp4 with Hindlll and Xbal. This fragment was 
used to replace the Hindlll/Xbal 35S-CaMV promoter fragment of the binary plasmid pBI121 [1 1] to give the binary plas- 
mid pBp4-GUS. pBp4-GUS was transferred from Escherichia coli to the agropine Agrobacterium tumefaciens strain 
Agio for use in plant transformation experiments. 
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Example 7 

Construction of pNTM19-barnase: 

5 A Xbal/EcoRV fragment from plasmid pWP126, containing an engineered barnase-barstar operon from Bacillus 

amyloliquefaciens and the CaMV polyadenylation sequence identical to pWP127 [23] was inserted into Xbal/Smal cut 
pUCAP to give plasmid pR-barnase [38]. The Sall/Ncol NTM19 promoter fragment from pEMBL-NTM19GUS was 
ligated into Sall/Ncol cut pR-barnase to yield pUC-NTM19barnase. The entire NTM19 promoter-barnase-CaMV polya- 
denylation sequence cassette was excised from pUC-NTM19barnase with AscI and Pad, and transferred to Ascl/Pacl 

w cut pBINPLUS [38]. The resulting binary plasmid, pNTM19-barnase was used for plant transformation after transfer to 
the agropine Agrobacterium tumefaciens strain Agio for use in plant transformation experiments. 

Example 8 

15 Construction of pBp4-barnase : 

The Bp4 promoter from pEMBL-Bp4 was excised with Hindlll/Xbal, and transferred to Hindlll/Xbal cut pUCAP. The 
Ascl/Xbal Bp4-promoter fragment from this plasmid was transfered to Ascl/Xbal cut pR-barnase, to give pUC- 
Bp4barnase. The entire Bp4 promoter-barnase-CaMV polyadenylation sequence cassette was excised from pUC- 
20 Bp4barnase with AscI and Pad, and transferred to Ascl/Pacl cut pBINPLUS [38]. The resulting binary plasmid, pBp4- 
barnase was used for plant transformation after transfer to the agropine Agrobacterium tumefaciens strain Agio for use 
in plant transformation experiments. 

Example 9 

25 

Establishment of transgenic piants: 

For allowing functional analysis, the promoter constructs were introduced into tobacco (Nicotiana tabacum cv Petit 
Havana SR1), using the leaf-disc transformation method reported by [9]. Inocula of Agrobacterium tumefaciens Agio 

30 witrvthe various promoter constructs were prepared by overnight culture, until OD 1 (550 nm), in liquid LB medium sup- 
plemented with 50 mg/l rifampicin + 50 mg/l kanamycin. Leaf discs were punched from in vitro grown stock plants and 
immersed in inoculum diluted to OD 0.1 for 5 minutes, and then were blotted dry on filter paper. They were co-cultivated 
upside-down on agar-solidif ied MS-20 plates supplemented with 1 mg/l BA and without antibiotics for two days. There- 
after, the discs were transferred to the same medium supplemented with 250 mg/l cefotaxime, 200 mg/l vancomycin 

35 and 100 mg/l kanamycin. After 4 to 8 weeks, shootlets that developed from the leaf-disc edges were transplanted to 
MS-20 plates with the same antibioticum cocktail but without phytohormones, to allow shoot elongation and root forma- 
tion. Plants that rooted on the kanamycin medium were considered to be transgenic, and were transferred into a glass- 
house and grown to flowering. 

40 Example 10 

Histochemical GUS assay: 

Kanamycin-resistant plants were analysed for the distribution of p-glucuronidase activity (GUS) using the method 
45 described by [1 1] with modifications as reported by [37]. Different plant tissues, including roots, stems and leaves, and 
all different parts of the flower, taken from a number of independent transgenic plants were analysed. For qualitative 
assessment of GUS activity in the microspores and pollen of successives stages of development (from microspore 
release from the tetrad until mature pollen), these were collected by sectioning anthers in GUS-extraction buffer and fil- 
tering through a 50 nm nylon mesh sieve. To enable exact determination of the microspore or pollen developmental 
so stages, counter-staining was carried out by adding DAP I to a final concentration of 1 .25 *ig/ml followed by incubation at 
4°Cfor 8-16h. 

Example 11 

55 Enzymatic GUS assay: 

Microspores or pollen were collected as described above in M1S medium [42], washed once, counted, and pel- 
leted. The pellet was stored frozed (-80°C) untill used for quantitative enzymatic analysis. GUS activity was determined 
as described previously, using methylumbelliferyl glucuronide (MUG) as a substrate [22]. 
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Example 12 

Results of histochemical GUS assay (X-Gluc) 

The X-Gluc assay is not quantitative, but is used to be able to correlate the p-glucuronidase activity with the precise 
^ v ^°P mental sta 9 e b y comparing the X-Gluc staining with a DNA staining used here for assessing the developmental 

The NTM 19 promoter gave a very strong blue staining from mid-unicellular microspore stage up to mature pollen 
When the pollen were germinated on BK-medium staining decreased rapidly and disappeared after 5 hours. Other tis- 
sues were not stained, except for the top cells of trichomes in some transgenic plants. The Bp4 promoter became only 
active in the mid-bicellular stage and continued to be active up to the mature pollen stage. When the pollen were ger- 
minated staining disappeared within 1 hour. The promoter provided a staining which was substantially constant in all 
stages in which the promoters were active. However, the intensity of the staining produced by NTM 19 was much 
stronger than that produced by Bp4. 

Example 13 

Results of enzymatic GUS assay (MUG assay) 

MUG assay was carried out to determine quantitative differences in the amount of GUS protein. The activity of the 
NTM 19 and Bp4 promoters started at the same stage as observed in the X-Gluc assays. The activity of NTM 19 
increased to a maximum at a bud length of about 16 mm (late unicellular up to first pollen mitosis) and subsequently 
decreased. The microspore mitosis occurs between 1 6 and 1 8 mm buds. The Bp4 promoter showed some activity from 
the 18 mm bud length stage, which was only significant from the 22 mm bud length stage. A maximum was reached 
which continued up to the mature pollen stage. The activity of the Bp4 promoter, however, was much lower than that of 
the NTM 19 promoter. Fig. 5 shows the pattern of GUS activity. 



Example 14 

30 - Analysis of promoter-barnase transgenic tobacco plants 

When using the promoter-barnase constructs containing the NTM 19 promoter or the Bp4 promoter in both cases 
transgenic plants were formed. Consequently, the NTM 19 and Bp4 promoters are not active during regeneration. When 
first callus was made on medium containing 2,4-D or NAA 1 mg/l + BA 0.25 mg/l and thereafter BA 1 mg/l, plants were 
formed too. Said assay was carried out starting from transgenic plant leaves. As regards the phenotype, when using the 
NTM 19 promoter cells were killed in the mid-unicellular stage. Dead microspores are visible between mature pollen and 
during in vitro pollen germination. When using the Bp4 promoter cells were killed only after having reached the mid- 
bicellular stage. 

On the basis of the percentages of killed microspores and pollen, respectively, plants having one locus and plants 
40 having more loci were found. 

In all transgenic plants female fertility was maintained. All plants formed seed after self-pollination, but seed pro- 
duction decreased in plants having a high number of introduced copies. Said last mentioned plants did form the normal 
amount of seed after pollination with wild-type pollen. 

No barnase activity was found in the various sexual reproduction stages. Further, in other tissues and organs of the 
transgenic plants, including the top cells of trichomes, no visible changes were found which would show barnase activ- 
ity. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A, NAME : Cajjt™ voor^lantenveredel ings- en ReproduXtieonde, 

(B) STREET: Droevendaalsesteeg 1 

(C) CITY: Wageningen 

(E) COUNTRY: The Netherlands 

(F) POSTAL CODE (ZIP) : NL-6708 PB 

(G) TELEPHONE: +31-0317-477000 

(A) NAME: Katholieke Universiteit Nijmeqen 

(B) STREET: Toernooiveld 1 

(C) CITY: Nijmegen 

(E) COUNTRY; The Netherlands 

(F) POSTAL CODE (ZIP): NL-6525 ED 

(G) TELEPHONE: +31-080-652 7 61 

(ii) TITLE OF INVENTION: Microspore-specif ic promoter from tobacco 
(iii) NUMBER OF SEQUENCES: 5 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
<B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 96200318.2 
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(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1618 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

< iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 
15 ( A ) ORGANISM: Nicotiana tabacum 

(B) STRAIN: Samsun 

(D) DEVELOPMENTAL STAGE: mid- to late-unicellular 
microspore 

(F) TISSUE TYPE: gametophyte 

(G) CELL TYPE: microspore 

20 (vii) IMMEDIATE SOURCE: 

(A) LIBRARY: lambda Charon 32 

(B) CLONE: NTM1971 

(ix) FEATURE: 

(A) NAME /KEY : CDS 
25 (B) LOCATION: 993 1271 

<ix) FEATURE: 

(A) NAME/KEY: sig_peptide 

(B) LOCATION:993. . 1056 

< ix ) FEATURE : 

30 (A) NAME /KEY: mRNA 

<B) LOCATION:954. . 1574 

< ix ) FEATURE : 

(A) NAME /KEY: polyA_site 

(B) LOCATION: 1548* . 1594 

35 (ix) FEATURE: 

(A) NAME/KEY: TATA_signal 

(B) LOCATION-.919 . .923 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Oldenhof, M.T. 
de Groot, P.F.M. 
Visser, J.H. 
Schrauwen, J. A.M. 
Wullems, G.J. 

(B) TITLE: Isolation and characterization of a 
microspore-specif ic gene from tobacco 

(C) JOURNAL: Plant Molecular Biology 
(G) DATE: 1996 

<K) RELEVANT RESIDUES IN SEQ ID NO: 1: FROM 1 TO 1618 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GATCCAGATT TATAGGGTCC TAATGCGGGT ACTGAACACC AGGTGGGAAA CAAAAAATAT 60 

ACAGAACAAC TCCTTTAGAA TTTACAATTT TTGAGCGTGT TGGCTTGGTA CGATTCTACT 120 

TTTCATATCT CTCGTCATCT CCTAACTCCT ATGGTTCACC AGCCACCGAT TAATTATGAC 180 
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15 



ACCGCTAACA AAAATCTTGC GACGACATTG AGAGAAATTT CTTTTCATAA ATTGGTAATT 240 

CGTACATCAT TTATAGGCGT TAGCTATAAC CTTTTAGTTA GTGAATACAA TACTTTTTGC 300 

TATTATTATG TAACTTTTAG ATATGAATTT ACTTTCAAAA AAAAAAAAAG GATCGATGTT 360 

GGTTATCAAC TAAGGACCAA CCACTTTGGA CGTCTCACCA CTAAGTTAAA TAAATCACTT 420 

TGTTCTCGAA AAAAACCCCA AAAGTGTTAA AATGCTTTTC ATATCATAAT CAAACAACGT 480 

GATTAATAAA ATCTATTAAG TTAATAGAAG TAGGGAATAA ATCGGGCAAA AGAATTTGAT 540 

ACAAACCAAA CCGGTCAAAA AAGCTAGTAT TCATATAAAT GGACTATACA AGTTAATACC 600 

AG C TAG C AG A AATTAAATAG TTTATTAAGT TGATTACAAA ACAATTCCTC ATTTAAAAAA 660 

AGTTAATGTA ATCAAGAGAT CTTTTGCTTC TAATTGATCA GACGAGGACC CCTCTTATTT 720 

ATTTTCTTTT TCATATAAGA TTTTGAATAG ATATAGGGAA ATCTTGTTCA CTCTTTATCT 780 

ACTTCAAATT GCATGCATTT TAAGAATTCT CTTTGTATGC AAACTTCAGT ATTTATGATT 840 

20 GACATAAATC AATATTCATA TCTTCGATAA AGTTAATAAC TCTCCTAATA CTTATGAATA 900 

TCTCTTCCTT TACAACCCTA TAAAACCCCC CACTATAGCT ACCTTCATAA TTCATCTTAG 960 

AGTACCAACC CTAAATTTCT TAGTGATTAA CC ATG GCT AAG AAA AGT CTC ACT 1013 

Met Ala Lys Lys Ser Leu Thr 

25 1 5 

TTT CTC ATT TGC ATT TTC CTA CTT CTC AAT TTA TGT TTT GCA ATT GAG 1061 
Phe Leu He Cys He Phe Leu Leu Leu Asn Leu Cys Phe Ala lie Glu 
10 15 20 

AAC GTA GAA ACT ATG CAA AAA TCG GAT TCA TCG TCA CAA GAT AAA GAA 1109 
30 Asn Val Glu Thr Met Gin Lys Ser Asp Ser Ser Ser Gin Asp Lys Glu 

25 30 35 

TTA GAT TGG TTT CAT CCG TGG TTC CAT CCA CAT CCA TGG TGG CTA CAT 1157 
Leu Asp Trp Phe His Pro Trp Phe His Pro His Pro Trp Trp Leu His 
40 45 50 55 

35 CCA C AT CCA TGG CCA TTC GTT CAT CCG CCA ATG CCA GCT GGC GGT TTT 1205 

Pro His Pro Trp Pro Phe Val His Pro Pro Met Pro Ala Gly Gly Phe 
60 65 70 

CAT CAT GCA TGG CCA TTC CCC CAT CCA CCG ATG CCT GCT GGT GGT TTT 12 53 

His His Ala Trp Pro Phe Pro His Pro Pro Met Pro Ala Gly Gly Phe 
40 75 80 85 

AAG TTT CCT CAT CAA TAA TTTCATCGTC ATCCATGGCC ATTCATGCAT 1301 
Lys Phe Pro His Gin * 
90 



45 



50 



CCACCAGTTC CATCTCCACC TAAAGGAGAC AAGAATTAAT TGAAAATATG AAG AG AAG TG 13 61 

TTGGATCAAC ATCTTATTGA TCACATATTT TTCTTTAGGT TAATATCTTT AGGATTTATG 1421 

TCTTAGGTTA TTTTTGATAA AAATTAAAAT AAATGATCGT TCTAGGGTAG TTATTATAAT 1481 

TT CTT AG ATT TTTCCAAGTA GCTTTCGATG GTAGAAATGT TATTAATTTG ATTCGGCTTA 1541 

TCATGAAATA AAATCCGTAG TATTATTGCT TTAGCTTTTA TGATTTGTAG TTATTTTATG 1601 

TTGATTGTTC TCCATTT 1618 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Ala Ly s Ly s Ser Leu Thr Phe Leu lie Cys I le Phe Leu Leu Leu 
15 10 15 

Asn Leu Cys Phe Ala lie Glu Asn Val Glu Thr Met Gin Lys Ser Asp 
20 25 30 

Ser Ser Ser Gin Asp Lys Glu Leu Asp Trp Phe His Pro Trp Phe His 
35 40 45 

Pro His Pro Trp Trp Leu His Pro His Pro Trp Pro Phe Val His Pro 
50 55 60 

Pro Met Pro Ala Gly Gly Phe His His Ala Trp Pro Phe Pro His Pro 
65 70 75 80 

Pro Met Pro Ala Gly Gly Phe Lys Phe Pro His Gin * 
85 90 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "NTM19-specif ic synthetic 
ol igo-nuc leot ide" 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Nicotiana tabacum 

( B ) STRAIN : Samsun 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TGCAAAACAT AAATTGAGAA GTAGGAAAAT 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "synthetic oligonucleotide 
(primer 1) used for amplification of the Bp4A promoter" 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brass ica napus 

(B) STRAIN: Westar 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Primer 1 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GTCGACAAGC TTCTAAAAAT AGCAATAACT 3Q 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
35 , . < A) DESCRIPTION: /desc = "synthetic ol igo-nucleot ide 

(primer 2) used for amplification of the B P 4A promoter" 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brassica napus 

(B) STRAIN: Westar 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GGATCCTCTA GAAAGAGATG AAGTATTCTA 
45 30 



Claims 



50 



55 



1. An isolated purified DNA sequence from the promoter region of a microspore-specific gene of Nicotians tabacum 
upstream of a sequence encoding a protein comprising the amino acid sequence set forth in Fig. 2 or a protein sub- 
stantially homologous therewith. M 

2. The isolated, purified DNA sequence according to claim 1 , the sequence consisting essentially of nucleotides -952 
to +43 set forth in Fig. 2, or a functional fragment thereof having promoter activity. 

3. A chimeric gene suitable for transforming a plant comprising a DNA sequence as defined in claim 1 or 2 and a nat- 
urally occurring or synthetic gene which is under the control of said DNA sequence. 
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4. A chimeric gene according to claim 3 wherein the gene causes changes in metabolism, functioning or development 
of microspores. 

5. A chimeric gene according to claim 3 or 4 wherein the gene is a male-sterility gene. 

6. A plant cell or plant cell culture transformed with the chimeric gene of any of claims 3 to 5. 

7. A plant or its seeds consisting essentially of the plant cells of claim 6. 
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